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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the microwave plasma treatment equipment 
using the electron cyclotron resonance phenomenon by the high-frequency power generated from 
the antenna, and the magnetic field generated from the magnet coil, and relates to suitable 
plasma treatment equipment to process a large area to homogeneity especially. 
[0002] 

[Description of the Prior Art] In semi-conductor manufacture, processing of the silicon wafer by 
the plasma-CVD method or etching is performed briskly. Moreover, development of the 
technique of processing a large area wafer front face to homogeneity with large-area-izing of a 
wafer is desired. 

[0003] With the plasma treatment equipment using a electron cyclotron resonance, a RF 
electromagnetic wave is generated within a vacuum housing, the magnetic field which has a 
perpendicular direction component to the electric-field component of this electromagnetic wave 
is generated with a magnet coil, and the field from which a electron cyclotron resonance 
phenomenon is started is formed in a vacuum housing. If gas is introduced into this field and the 
plasma is generated, this plasma will move along a magnetic field, but if the plasma in alignment 
with the magnetic flux interlinked with a wafer is carried in the direction of a wafer, plasma 
treatment of a wafer will be performed. 

[0004] For example, one antenna installed in the wafer upper part in a vacuum housing is 
branched to four, and it enables it to perform plasma treatment of a large area with the 
conventional technique given in JP,4-48078,A. however ~ this conventional technique - at most 
- a wafer with a diameter of about 15cm can be processed ~ it is not alike too much. It is 
because there is a limitation in generating the plasma uniform to the wafer radial with this 
conventional technique. 

[0005] In recent years, what uses a liquid crystal panel as a display unit of a computer is 
increasing, and development of the equipment which can carry out plasma treatment of the 
substrate of this liquid crystal panel is hurried. The mainstream of a current display unit is 14 
inches CRT, and is high. [ of a request of 17 inches and the enlargement to 20 inches ] In order 
to manufacture the liquid crystal panel of the magnitude which opposes the display unit using 
this CRT, it is necessary to develop the equipment which can carry out plasma treatment of the 
wafer of that magnitude. 

[0006] Then, the technique of introducing an electromagnetic wave to the plasma production 
section using the waveguide to which a path is expanded will be adopted, so that a wafer is 
approached, as shown in drawing 5 . However, since electric-field distribution of the 
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electromagnetic wave by this conventional technique becomes [ in a core ] it is strong and weak 
at a periphery, plasma density distribution turns into **** distribution by dense and the 
periphery similarly in a core. If such uneven plasma is generated, the plasma will be carried to a 
wafer by density distribution as it is, and processing on the front face of a wafer will keep that it 
is uneven. For example, with a CVD method, if a thin film is made to form in a wafer front face, 
the thickness of a wafer core will become thick and the phenomenon in which thickness is thin 
will occur in the rim section. 

[0007] There is a thing given in JP,4-55382,A as a conventional technique which solves such a 
technical technical problem. He makes into homogeneity electromagnetic wave energy which 
inserts a metal plate in the interior of a waveguide, and carries out incidence to the plasma 
production section, and is trying to process a wafer to homogeneity with this conventional 
technique. 
[0008] 

[Problem(s) to be Solved by the Invention] According to the conventional technique given in 
JP,4-55382,A mentioned above, homogeneity processing of the large area which was not able to 
be processed is attained with the conventional technique before it. However, since it is necessary 
to open a waveguide in the shape of a taper, the height of a waveguide becomes high and there is 
a problem that the whole equipment will be enlarged. It is necessary to make the height of a 
waveguide so high that the area of the wafer made into a processing object become large, and 
considering the magnitude of the wafer to be made into a processing object in the future, there is 
a limitation in applying this conventional technique. 

[0009] The purpose of this invention makes small the equipment volume of the electromagnetic 
wave waveguide section, and is to offer the plasma treatment equipment which realizes uniform 
plasma treatment of a large area wafer. 
[0010] 

[Means for Solving the Problem] The above-mentioned purpose installs an antenna in the 
location which counters the sample for [ which was installed in the vacuum chamber ] plasma 
treatment. The field which impresses a magnetic field from a magnet coil and fulfills electron 
cyclotron resonance conditions in the front face of a sample while making an electromagnetic 
wave emit from this antenna is generated. While forming two or more antennas with which 
power is supplied from an RF generator respectively different as said antenna in the plasma 
treatment equipment which introduce reactant gas in a vacuum chamber, and said field is made 
to generate the plasma, and carries out plasma treatment of the sample It is attained by 
establishing a power control means to control said each RF generator by the value which 
computed and computed each antenna supply voltage which considers this illuminant cloth as 
homogeneity distribution in quest of the illuminant cloth of said plasma from the detecting signal 
of a photodetection means to detect the luminescence condition of said plasma, and this 
photodetection means. 

[001 1] The above-mentioned purpose is adjusting the die length of the cable which connects said 
RF generator and each antenna so that the density distribution of the plasma may become 
uniform by the electromagnetic wave emitted from each antenna, and is attained while it forms 
two or more antennas with which power is supplied from the same RF generator as an antenna 
again. 
[0012] 

[Function] By the electromagnetic wave emitted from two or more antennas, the plasma occurs 
to a electron cyclotron resonance field. The luminescence intensity distribution of the plasma are 
acquired by the detecting signal of a photodetection means, and a plasma consistency is 
presumed. When roughness and fineness are in a plasma consistency, electric supply power of 
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the antenna which has the plasma near the field of a non-dense is enlarged, and it controls to 
make small electric supply power of the antenna near the dense field. At this time, it is desirable 
to control the electric supply electrical potential difference to each antenna so that total of 
electric supply power may not change. When the roughness and fineness of the density 
distribution of the generation plasma become within default value, the electric supply power to 
each antenna is kept constant, and a plasma consistency is fixed, 

[0013] Moreover, in order to be dependent on the die length of the cable which connects each 
antenna and a power source, the phase of the electromagnetic wave emitted from each antenna is 
adjusting the die length of each cable, and becomes possible [ planning homogeneity of a plasma 
consistency ]. 
[0014] 

[Example] Hereafter, one example of this invention is explained with reference to a drawing. ** 
and drawing 3 are the functional block diagrams of this plasma treatment equipment in the block 
diagram of the plasma treatment equipment which drawing 1 requires for one example of this 
invention. The plasma treatment equipment concerning this example is equipped with a vacuum 
housing 7. The vacuum aperture 1 1 is formed in the upper part of a vacuum housing 7, and the 
antenna rooms 20 are formed successively on this, the periphery of the antenna room 20 ~ 
electromagnetism ~ coil 6a prepares — having ~ the lower periphery of a vacuum housing 7 ~ 
electromagnetism - coil 6b is prepared. The substrate holder 9 is formed in the vacuum housing 
7, and the wafer 8 which is a processing object is carried on this substrate holder 9. 
[0015] Two or more antennas (it illustrated [ three ]) la, lb, and Ic are installed in the antenna 
room 20, and each antennas la, lb, and Ic are connected to RF generators 3a, 3b, and 3c by 
Cables 14a, 14b, and 14c, respectively. Photosensor 2a of plurality (the example of illustration 
four), 2b, and 2c and 2d are installed in the upper wall of the antenna room 20. 
[0016] The plasma treatment equipment concerning this example is further equipped with the 
computing element 4 for power control. The keyboard 15 which is CRT display 18 and input 
device which are an output unit is connected, and this computing element 4 for power control 
performs data processing which incorporates the detecting signal which are the above-mentioned 
photosensors 2a-2d, and is mentioned later for details, controls each RF generators 3a-3d based 
on the result of an operation, and makes homogeneity the consistency of the plasma generated in 
a vacuum housing 7. 

[0017] With the control signal of the computing element 4 for power control, each antennas la, 
lb, and Ic emit the electromagnetic wave according to each electric supply power, and this 
electromagnetic wave goes into a vacuum housing 7 through the vacuum aperture 1 1 . on the 
other hand — the electro magnetic radiation from Antennas la-lc, simultaneously 
electromagnetism — a magnetic field is generated by Coils 6a and 6b, and the field which fiilfiUs 
electron cyclotron resonance conditions to a vacuum housing 7 is formed. And the plasma 10 
will be generated if reactant gas is introduced through the bulb which is not illustrated to this 
field. The generated plasma 10 is guided in the substrate 8 direction with line of magnetic force. 
[0018] Drawing 2 is a flow chart which shows the control procedure of the power control 
computing element 4. The computing element 4 for power control first reads the actuation 
condition data (the reactant gas kind, target uniformity coefficient) and control-variable data (the 
initial electric supply electrical potential difference, weighting factor) which an operator inputs 
from an input device 14 (step 1). Next, the plasma 10 is generated in radiation of an 
electromagnetic wave (step 2), ** and an each photosensors [ 2a-2d ] detecting signal are 
incorporated, and optical distribution of the plasma is computed (step 3). And when the 
uniformity coefficient of this optical distribution, i.e., the plasma, judges whether the desired 
value incorporated at step 1 is reached (step 4) and has not reached desired value, it progresses to 
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the following step 5, 

[0019] At step 5, the computing element 4 for power control calculates the amendment electric 
supply electrical potential difference of each antenna so that the intensity of radiation of the 
antenna equivalent to the **** part of a plasma consistency may be strengthened, and so that the 
intensity of radiation of the antenna equivalent to a part with a dense plasma consistency may be 
weakened. At this time, change of an electric supply electrical potential difference at each 
antenna attaches weight according to consistency change of the plasma, and the sum of the 
electric supply power to an antenna is calculated so that it may be made regularity. And electric 
power is supplied in an amendment electric supply electrical potential difference at the following 
step 6. 

[0020] By repeating the above step 2 - step 6, the plasma 10 is generated by homogeneity, this 
plasma 10 is carried by the substrate 8 with line of magnetic force, and uniform plasma treatment 
is made. This the control of a series of and plasma distribution information are displayed on CRT 
as image information, and an operator performs an informational stock and directions of a 
control variable using the input units 15, such as a keyboard. When an instruction of processing 
termination is inputted from this input unit 15, it is judged with termination at step 7, and this 
plasma treatment is ended. 

[0021] the helical antennas 12a, 12b, and 12c as the antenna used as a source of an 
electromagnetic wave not limited to the antenna which combined three comer guards shown in 
drawing 1 and shown in drawing 4 _.******„ further - lines, such as a dipole antenna and a 
loop antenna, ~ you may be tabular antennas, such as an antenna or a microstrip antenna. It can 
be made easy to be able to strengthen the relevance of a plasma production location and an 
antenna and to control by constituting the source of an electromagnetic wave from a powerful, 
especially directive antenna. Moreover, a photosensor may be the configuration of not being 
limited to the configuration which opens two or more sensors and installs spacing as shown in 
drawing 1 , and installing a camera in one place. 

[0022] Drawing 5 is the block diagram of the vacuum housing 7 of the plasma treatment 
equipment conceming the 2nd example of this invention. The plasma treatment equipment of 
this example generates the plasma by the same principle as the 1st example, and is guiding the 
plasma 10 to the sample side. However, in this example, an RF generator is not prepared in 
antenna correspondence, but distribution electric supply of the power is carried out by distributor 
13a and ISb- from the same RF generator (illustration abbreviation) at two or more antennas, 
from the 1st example, the number of power sources is reduced and cost reduction and space- 
saving-ization are attained. 

[0023] In this example, while distributing the electric supply power supplied to each antenna by 
branching an electric supply cable with a distributor, even if he has no computing element for 
power control, electromagnetic wave intensity distribution are controllable [ the phase of the 
electrical potential difference to which electric power is supplied by each antenna is changeable, 
and ] by adjusting the die length of the electric supply cable between distributors or between a 
distributor and the antenna electric supply section so that plasma density distribution becomes 
homogeneity like the 1st example. Moreover, it can consider that two or more antennas to which 
electric power is supplied from the same power source shown by this example are one antenna 
system, they can be controlled using the same computing element for power control as the 1st 
example to each antenna system, and plasma treatment of a large area wafer can be performed 
more. 

[0024] In addition, although the incidence electromagnetic wave intensity distribution to a 
plasma reaction chamber (vacuum housing) are controlled in order that the above-mentioned 
example may raise the uniformity coefficient of the density distribution of the plasma generated 
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in a electron cyclotron resonance field, this invention is not being limited to an above-mentioned 
example and controlling magnetic field generating, and it is also possible to control a plasma 
consistency by controlling both magnetic field generating and electromagnetic wave generating. 
[0025] 

[Effect of the Invention] Plasma treatment equipment characterized by constituting the supply 
voltage to the means, two or more sources of an electromagnetic wave, and this source of an 
account electromagnetic wave which generate electron cyclotron resonance conditions in a 
vacuum housing 1 by impressing high-frequency power and a magnetic field from a control unit 
changed according to an individual. The electric supply power to each antenna is controlled to 
the plasma density distribution presumed from the photosensor signal, and the plasma with a 
high uniformity coefficient is generated. Consequently, uniform plasma treatment is performed 
on a wafer front face. 

[0026] According to this invention, the miniaturization of equipment can be attained and, 
moreover, the uniform plasma treatment of a large area wafer becomes possible. 



[Translation done.] 
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